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.

COMPRESSIVE STREHGTH OF Z4S-T ALIJhlIhWM-ALLOY

FLAT PAN&LS WITH LONGITUDINAL FORMED

HAT-SECTION STIFFEh~RS

By Evan H. Schuette, Saul Barab,
and Howard L, ~:ccracken

SUMMARY

Results are present~d for a part of a test program
on 2,!@-T aluminum-alloy flat compression panels tith
longitudinal formed hat-section stiffeners,

-.
Thts part

of the program is concerned with panels in which the ---——”
thickness of the stiffener material is 0.625 times the
skin tkdckness. The results, presented in tabular and
graphical form, show the effect of the relative dimen-
sions of a panel on the buckling stress and the average
stress at msximum load.- Comparative envelope curves ———_

are pvesented for hat-stiffened and Z-stiffened panels
--

having the same ratio of stiffener thickness to sheet
thickness. These curves provide some indication of the
relative structurfil efficiencies of the two types of
panel.

An extensive experimental investigation of the
strength of 2]+S-T aluminum-alloy flat compression panels
with longitudinal formed z-section stiffeners was .-

reported in reference 1. The data presented in that
paper were also reworked on tinebasis of a selec~”ed
design parameter and were used for the preparation of ‘-
design charts in referenca 2. A similar investigation
is now baing conducted on panels of the same material
with formed hat-section stiffeners for the purpoga of
making design charts like those of reference 2 and also
to provide an eventual complete compar360n of the ~truc-
tural efficiencies of the two types of stiffener. ..—.

.-



The tiitial n&rt of the te~ t progrm: or: pamls with
;

hat-section stiffeners has now been completed and the
results are presented herein; this part of the program
is concerned with nanels in which the thickness of the
stiffener matarial is 0.625 tires the skin thiclamss,
The nreE8nt nal~er deals only ~fitb. the data as obtained;
the crossplo~s and scfitte~-re,du&in~procedures ~=ed in
refersnce 2 have not 8s yet bso~ applied to t2~esodata.

i7M30Ls : :
—

A cross-sectimal arsa pa? incl~ of panel width, oui equivalent thickness d’ panel, inch=s

c coefficient of md f’ixiGj h .Z?ulGrcclurm formula

n(yp local-’oucklin~strees of akin or stiff’ener, ksi

x
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For the tests reported herein, the nominal thicknesses
of the stiffener material and the skin were 0.010 inch
and 0.064 inch, respectively. The nominal ratio of the
stiffener thiclaess to the skin thickness tl~tS was

therefore constant at 0.625. With these cltmmsions knotij
numerical values for all other cross-zlectional dimensions
can be found by means of the proner dim.enslon ratios. .
The stiffeners were formed from ?lab sheet to an inside
radius of Q.L25 inch for all bends. The Wtdth of the .
attachment flange bA was 0.75 inch for all stiffeners,

The rivet lines on tine stiffeners were on the longitudinal
center lines of the attachment flanges. A typical panel
cross section is shown in figure 1.

The NACA flush-rivet method (r3ference 3) was employed
in the c~nstruct~on of tkm test specir.ens, The flvet
holes were countersunk on the skin s~de of the p=.el to
a depth of three fourths of the skin tb.iclknoss,the cotiter-
sink having an included angle of 600. ordinary flat-head
A17S-T aluminum-alloy rivets wsre inserted from the
stiffener side, end the shanks were upset into the counter-
sunk cavity. The protruding part of the upset shanks was

—

then millsd off to provide a smooth surface. The ri-vet
diameter v:as 5/52 inch and the pitch was 3/4 inch.

- —-.-.._ -_
In order to ensure uniform bearing in the testing .

mac’hirie,the ends of each panel were ground flat and
perpendicul&r to the longitudinal sxis of the panel.

..—— .

METEOD OF TESTING

The specimens wore tested flat ended, without side
support, in tb.e1,200,000-pound-capacity testing w.achine
at the Langley structures research iaborattiry. For this
testing machine, within the range of loads ‘~sed$ the
indite.ted load is within 1/’2of’1 percent of the applied
load. Provisions were made for setting the specimens
in the testing machLne in such a manner as_tG”~ntain
the flatness of the panels and afford uniform beari~”at
the ends. Figure 2 shows a panel praparedfor testing.

—
——— . .—

Resistance-type tire strain gages were used to
measure 3tr&ins at successive increments of load. The .-.—
gages were placed in those locations on the stiffeners
and skin where buckles were expected to appear first: .—
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RESULTS AND CON~IJJSIOES

Specific results and conclusions for hat-s tif~ened
vanelsr - By use of t~e method se$ forth in reference 4,
it-has been found that for panelsl similar-to those of
this investigation, which were tisted flat-ended in the
same testing ~achine, the coefficient of end fi.xity c i.a
about 3.75; Thts value of c was consequently used in
reducing the oresent data.”

In order to obtain the &vera@e “Stress at ““failure ~f,
the load at which failure ocouzzred was dt.vided”by th~
cro3s-sectfor.al artiaof the pmel~ Jio adjustment was
made to offset the effect of having an unequal....numberof
stiffeners and bays. 2’he effect%f such an a~justmnt
would be to decrease slightly the~values of Of

bS Pi
at high

values of
~

and — i T.nasmuUh as tho purpose of
L/JK

the ~resent paper is to present t~st data, however, and
not to ~repare final desi~n chart.a, the adjustment was
considered Unwarranted.

In order to obtain the bucklitig stress for each
panel, the strain-ga~e readings “we~e--”plottedIn the form
of’load-strain curves and the buckling load was ta?<enas
the load beyond which there was a ~ecrease in local cor,-
pressive etra~n, ss shown by the rbading of.a ~a~e near
the crest of a buckle, The buckling load was divided by
the cross-sectional area of the pahel to give the observed
buokling stre~s. An adjustment wa~ made in the observed
buckling stress to ccrrect for sli;~ht.varin.tions I’romthe
nom~.naldimensions of the speci.w.en$. The method for
makting the adjustment is ex.plain~d~in the appendix and
illustrated In table 1.

I?ecause stresses are determined by t~ relitive
rather than by the absolute dimenstans af tti~eps.nels$
nondfl.mensicnalratios are used fridrasentir~ the data.

Pi ‘---
In reference 2 the quantity —— :is”devsl-o?~aas a

.-

L/fi
suitable param~jt~r against which to,plot the average
stress at w.axi.mumload. Tkds parsm@ter is used in
~lottlng the results of the tests i! the present
inv=sti.,qation.

9

.

I

—.

—
..-

._f -<

.-

8

. .

*_

-—

+

—-.



5

Tables 2 to 5 (fac~.rigft~s, 3 to 6) list both the
observed and the adjusted buckling stresses, together
with the average stress at i%.llure, for COrreSpOtiin,g

Pi 11~
values of —— , The rhtio

~ is included in the tables
L/@ ““

for convenience in making comparisons between the hat- “
stiffened test ~anels and the Z-stiffened panels of
reference .2. Values of L/@ are also given.

--

In figures 3 to 6 the average stress at failure is
Pf

nlotted against — for the various dimension ratios
L/>~ -L-

used. The buckling stress shown on the curves is an
average value of the corrected buckli~ stresses for” .
those panels which have identical cross sections but
different lengths. The initi=l dashed parts or the
curves were computed frcnnth9 column strength of the
nanels based an n.md.nal clizmnsions W & -cQI”U ~m”m . ,:
obtained from equations (5) and (6) and table 1 of
reference 5 ; the solid-line parts .of ~h_ecurves”w~re
drawn through the experimental test points.

The ~riu-ary results of this i~vestigation are to
be found in the numerical values of test data ccmtained
in the tables and figures. In addition.the folloting
general conclusions may be drawn regarding the effect of
the various dimension ratios on the strenj?th of the test
nanels. It is assumed that as each di.men=ion ratio i.s
changed all others remain constant. These general con- ‘––
elusions can only be considered to .applywithl.n.the
range of ganels tested, .—-

Pi
1. When the Var&meter — has a very low value

L/&
(long panels that fail by column bending) the stTess -_
developed by the ~anels increases with an increase .

Pi
‘in b,@V;, but for high values of’ — the stress .

L/\.~
decreases as

,,
bW& increases.

2. Although an increase in the ratio b@ql increases
the strength of a panel agaiust column failure, it tends
to decrease the local-buckling an~ local-failure stresses
whenever bw/tW- is greater than 30.

—.

-—.—
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Pi
3. ExceDt at very low valuea of — (long panels),

L/lE””

1

.-

the stress developed by tb.etest,panels’ increases as
%/ts ..-.IS decreased. .-

4. Tha local-buckling stress increases as bS/tS ..-
is decmeased.

Comparison ~f hat-8tiff9ned:a@ Z-stlff%med panels.-
.-

In raferenca 2,
Pi

envslope curves Gf Zf aga~nst- — were
L/z

presented for z-stiffened panels with four values ‘of the
ratio %v/ts ●

Although the ~resant paper is Qf a much
more preliminary natur~ than was reference 2, it Is
uossible to prepare a siwilar eayelo~e c-urvebased on
the presenlrte%ts. In figure 7, :such an envelope curve
is comgared with that for Z-stiffened D&nels with

s

~~=~63
-:

It should not be Infe>rbd that the ratio
‘s “ “ -*-..
t :1!

is cormi.dered a proper b~sls-”:~orffl.nalcomqarlson;
...

r .-
p~obably the only true comnariaon~ would be provided by
actual comparative designs, The ~resant d~ta, however,
are too limited for such an axped$ent and.consequently
tw/ts is used to afford a tentative evaluation.

—

The most- immediately evldent,feature of fj.gure 7
is that the curve for hat-stiffened panels is appreciably

p
i

10Wer over most of the Pange of v&ilutis Of’-” — than
L/@

the.tfor Z-stiffened panels, It:has bee; held by many -
a~signers th~t the hati-s~ction is:the more efficient of
the two stiffeners, because of iti greater stability
a~ainst-twisting. ‘Theccmparisan:shown in figura ~ is
therefore rather surprising. Sevqral factors besides -the

.

inherent ef.fioiancies of the two ~hapes, however, c9uld
be responsible” for the difference< First, there is the
possibility of’slightly dlffer8nt :shop t.echnique8in i

Ureparing tb.especimens. ThtS factor could C&US(3v&l’iEL-
tions in either direction and oaxmot be evaluated.
Another factor, however, can defi~tely be held respon-
sible for a raduction ?n tho envel”ope cur,vefor the
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P~
hat-stiffened nanels at high Values of —, It is

L/fi
a~parent from f~.gure1 that the clear distance bstween
the sides of adjacent stiffeners is appreciably greater
than bg. In fact, had bs bean measured as the clear
distance between the sides-of the stiffeners, all values ‘ ‘-
of bS/tS would have been increased by about 11. On
this basis, the lowest value of wts inclnded in the
Present program is 36, whereas the Z-stiffened panels
included values of thtsratio down to 25. It is quite
likely that data for hat-stiffined panels with values
oI’ bS/t~ lower th~n 25 (measured as in figy 1) would
~roduce curves that would rise a-ive the envelope curve ““”
for hat-stiffened pane-is in figure 7, St the high values

of’ ‘i .
. ..

.——_
L/fi . .

—.-

An unusually wide atta~hmwxt flange was used in the
panels of this invcstige.tion in order that, for “possible
future tests, a lip ml~ht be z@ed at the outer edge
without changing the ovar- all width of the_ flang6.

~1~

wide flange, slthough it ~resumably does not appreciably’”-

affect the stresses that can be developed, does cause a---
narticular stress to corresgofid to a hi”~her value of Pi
( since Pi = ~fAi and the wide f’lafigeincreasbs

Ai),

‘Thiseffect undoubtedly causes same.of the disparity
between the two curves of figure 7 but is not considered
so imnortant as the effect of stlf’fen9r spacing previously
d~scussed,

.—
lt is thus p~~sible t~ ~ffeet ~ tncrease in the

efficiency of the hat-stiffened panels. There was a ..._
factor .f.nthe present tests, however, whtlch tended to
improve tbs efficiency of the hat-stiff~ned panels as
compared with that of the z-stiffened panels of refer-
ence 2; the rivets were, relative ~.othe sheet gages,
larger and more closely spaced than t~nase i? the
Z-stiffened panels. The data of reference b indice&e
th~t stronger rivated joints in the z-stiffened panels.
would have brought about soitleincrease in strength..:....—_

Dasplte the general belief that the hat section is
the more efficient stiffener shape, some justification
can be found for a view- that the hc.t section could be —



inherently less efficient than the Z section, in thatitho
hat section seldom provides unifprm spacing aflthe indivi-
dual.stiffening elements (sj.desof the hats) across the
sheet-i-The vtew thst a ncm-i.fo~ spac~ng of stiffening
elements is inefficient seems intuitively reasonable and
is suonorted in instances where it can effectively be put.
to a.te~t. There is uncioubtadly:sc)u?aadditiona+ eff’ect
duo to i;hefact th~t nonunl.fom. $oacing tends toward
hiGher values of Ai/ts than urdi’orm spacing. As pre- -
vi.ouslypointed out, hl.qhValues:of p+i/% may have the
effect of increasing the values df - without appra-

L/fi
ciably affecting the stress. ‘Tbiin.cr~sse in Ai\tS iS
evfldenocd b~ the ftiotthat if b<~S , W%’ and t@S
tirethe same for a“he.t-stif~ene”d}:,nda z-stiffened pan31,
and b@IF for th;,hat stiftanstiis twice the value of

b~/blN ~or the Z stiffener (br :bcln~ the flange width)
the values of Aj-,/ts are in &n&al greater foq. .tk6
hat-stiffened nane19 and the dif~,erence is more than
that accounted far by the w~d.~r attachment flange. T?ai.s
com~arlson can be verified i’rom I&c tabulated values
of A1/tS given in reference 2 aid tha present qaper...

The fact that the envelope c~rve for hst”-stiffen&d
panels (fig. 7) is the higher of the two at low values

a-
A . .

1
of — ~s undoubtedly largely ~ue to the inclusion of

L/fi %+’ .the value — = 60 in the present tw-sts; ““no proportions
tW

BO well suitwd to resisting COIWD bending were includsd
in the tests of Z-stiffened ?anelS. .

On the basis of testing expe~f.encc, togetim~.u~.ith. ___ .
the considerations mentioned, It ~p~grs unl~,kely that
modifications to the h~t-stiffensd panels to bring tham
into closer correspondence with the z-stiffened P~els.
of reference 2 would result in a shi~f tineenvelops
curvo t~ a oosition np~recia’~1:~ab~ve tlvatfir “Z-st:.ffenad “

t

a

—
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APPENDIX A

!3

ADJUSTMENT I N BUCKLII!G STFJ3SS

.8

.

Inapmuch as slight variations from the specified
dimensions were unavoidable in the construction of the
specimens, it was necessary that adjustments be made
in order that the data might conform to the specified
dimensions of the panel. Because of the lack of a
satisfactory method for correcting the average stress
at maximum lo8.d, the adjustment was applied only to the
buckling stress, The formuls used in making the adjust-
ment was

()
~ 2 (measured)

c1~r (corrected) = ~cr (observed) x
~2

0~ ( nominal) ‘“ -
~.—-—.

When the buckling stresses exceeded the elastic range
of the material, the adjustment was modified to take
into account the reduction in the modulus of elas$iclty
according to the curve in figure 1~. of ~eference ~. A
sample calculation is given in table 1.

In a few instances it may be observed that the
adjusted buckling stress was somewhat higher than the
corresponding average stress at failure. This discrep- ‘
ancy occurred because the applied correction was positive
and greater than the difference between the observed
buckling stress and the average stress at failure.
Elimination of this ap~arent inconsistency would depend
on the development of a suitable means of correcting the
average stress at failure for variations from the nominal
dimensions of the panels.
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TABLE1
a

. SAM!ZECALCULATIONFORADIUWTW BUCKLINGSTRESSES, “

(1) (2)

Element
where
buckles
first
appeared

Skin~
between
stiffener

(6)

(5)2

1.098

;982

(3) (4) (5)

+
)

(

1.048

.!xn

(7)

(~cr)obs
(hi)

(8) ‘(lo)(9)

Panel Measured
bjtfor
element5.I
Col.(2)

Iiomlnal
b/t for
elementin
Col.(2) ()‘cr~ obs

(~;)

/6 )cr

{T ~
?(6)xi)8)

u‘cr adj
(kei)

(a)

.

38.8
I

25.026.2A 32.3

9.7

35.3 34.6

71.3
TOPof
stiffener 72.0●B ’9959.7

.

9*5

.
%btainedbyuseoffigure14ofreference6.

NATIONALADVISORY
COMMYPEE FOR AEROliAUTICS
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Figure 1.- Cross section d a test
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.

TABLE 2

L.

%TEST DATA FOR FLATPANELSmTHSAT-SECT1OKSTIFFEWBRSWITH— =0.6

[2=062’1 ! bw
. .

0-
bw (k%) F ~ +
Tw f

$ L/+ q
Ob,servedMjueted (ksi) (In.) (hi)

bS
—=50
ts

\

.--”

=- ----
1

bw ‘or
(kal) Zf pi

~ . $ % $
Observed Adjusted kel),(in.) (kei)

bs
==35
‘s ““

1 1 1 1 1 1

I 1 I I I I

b8
—=75
%

NATIONiLLADVISORY
COM.KITTZEFOR AERONAUTICS
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TABLS3

TEST DATA FOR FLAT PASSLS WITH EAT-SSCTIOK

NACA TN No. 1157

STIFFEIilltRSWITH ~ =0.8

m
bsq=75

NATIONAL ADVISORY
COKMIT@E FOR AERONAUTIIYS
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.

TABLE 4

TEST DATA FOR FLAT P$NELS WTTH BAT-SECTION
%
— = 1.0kw

.
STTFFEN2RSWTTH

[2=0”’2’1 1

.—

,
pi

~
L/@

(lull) ‘s !B4LlkObserved Adjusted (kel) [in.) (kai)

bs
-=25 .
%

.
bS
—=35t~

3h.o 36.6 35.8 2.78
34.7

;?:2 34.0 g~:$?;:!
---- -... .

----

20 d2 .7 z;
2 .2 27.3
---- .-..

..&o. 1.711
:220

1.588

1.713

1.816

20

—

30 :B
1.%5

:’&a

31.1 33.4 g;.! $:~:---- ----
31.1 34.5 32;013.60
---- ---- 27.122.56 m

*

al l.% :$?
%:3 ;!:% ::9;

21.7 9.70 .283
21.4 19.34 .40
21JI29.01 .093
19.147.84 .050-P+

28.2 6.36

:i:t % $:[?:$.
---- ---- .0

12.4 1.2.4 21.2 9.80
1.2.3 1’.5
11.7 13.1 ;:: $:@
I.’*5 13*1 . . -1-

:23:
.18

?
1.951

.09

:%
.093 2.110
.052

f+o .

m 1.97660

—

bS
—=50
ts

bS
—=75
%

r 11.0

20 9“312.
9.8

?

.6

20
1 .1
1 .3

%:;
17●

1.467 1.348
I ----

16.6
15.0
16.7
16.3

W
.1.7
21 .2 +

30.4 5.

2;:$:;:?
21.125. 3

2 .8 6.62
z2 .0 13.27
26.3 19.54
22.1 33.13+-

16.4

yo
15.0

1
1 .6
1 .8

4.2

40
15.5

2
1 .2
1 .0

.603

.295

.1 1
z.0 3

g:

.144

.071

1.578

1.673

1.4.40

.
-.

1.521

1.658-&E&B-L
13.1

60 L2.1
13.1
12.5

1.827

HATIONAL ADVISORY
COWIITT’EEFOR AERONAU~CS
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,

‘PABLB 5

TEST DATA FOR FLAT PANELS WITH HAT-SHCITORSTIFFEWSRS WITH %
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